1. Introduction {#sec1}
===============

Phyllodes tumors (PTs) are rare fibro-epithelial lesions with an incidence rate of approximately 1% of all primary breast lesions \[[@bib1]\] and occur in women aged 35--55 years \[[@bib2]\]. Fibro-epithelial lesions also include fibroadenomas (FAs), which are composed of balanced proliferation of glands and stroma \[[@bib3]\]. However, PTs disturb the balance, with overgrowth of stroma, resulting in a leaf-shaped appearance. According to the World Health Organization, PTs are classified as benign, borderline, and malignant based on five factors: the cellular pleomorphism, degree of mitosis, overgrowth of the stroma, appearance of the margin, and distribution of stoma \[[@bib4]\]. Local recurrence can occur in all subtypes of PTs. The recurrence rates of benign, borderline, and malignant PTs are 10%--17%, 14%--25%, and 23%--30%, respectively \[[@bib5]\].

Ultrasonography (US) is an important diagnostic modality for PTs. On US, PTs often present as a heterogeneous hypoechoic mass with internal cystic space, distended veins, and thickening of surrounding skin. On color Doppler US, PTs may appear hypervascular.

Usually, surgical excision is necessary for PTs of all subtypes: benign, borderline, or malignant. With the rapid development of vacuum-assisted biopsy (VAB), benign breast tumors, such as FAs and intraductal papillomas, can be excised in a minimally invasive manner \[[@bib6], [@bib7], [@bib8], [@bib9], [@bib10]\]. To date, there have been no systematic reports on the treatment of benign PTs using US-guided VAB or the factors affecting the local recurrence.

The aim of this study was to evaluate the value of ultrasound-guided vacuum-assisted excisional biopsy in the treatment of benign PTs of the breast and to investigate the lesion characteristics that could affect the local recurrence rate.

2. Materials and methods {#sec2}
========================

2.1. Patient {#sec2.1}
------------

Informed consent was not required because of the retrospective nature of the study. From March 2008 to May 2016, 6788 lesions of 5112 patients underwent percutaneous vacuum-assisted excisional biopsy under ultrasound guidance. There were 93 cases of benign PT. The age of the patients was 11--55 years (mean age ± standard deviation, 38.8 ± 10.7 years). Among the 93 cases of benign PT, six were excluded because the patients had been lost to follow-up, and the remaining 87 cases were enrolled. Nine patients had a history of benign breast lesions treated with local surgical excision in the breast. Six of the nine patients were confirmed to have FA while the others had benign PT. However, they presented with recurrent local lesions and chose US-guided VAB for the retreatment. The flow chart of the patients' follow-up is showed in [Fig. 3](#fig3){ref-type="fig"}.

US-guided VAB was indicated for patients with Breast Imaging Reporting and Data System (BI-RADS) category 3 or 4 lesions who refused to follow-up, those who felt extremely uneasy because of their lesions or complained of pain or other symptoms, those whose lesions were increasing in size, and those who suffered from severe anxiety.

US-guided VAB was contraindicated for patients with BI-RADS category 5 lesions or lesions confirmed to be malignant previously and for patients allergic to local anesthetics or suspected with bleeding tendencies because of the use of anticoagulants within seven days before the US-guided VAB.

2.2. US-guided VAB procedure {#sec2.2}
----------------------------

First, US examinations were performed by a well-organized team headed by Zhi Li Wang, and two other doctors, Nan Li and Yan He, using the iU22 ultrasound system (Philips Medical Systems, Andover, Massachusetts), with a L12-5 linear array probe, to determine the direction and largest diameter of the lesions and to ensure the insertion site for the probe. Second, local anesthesia was induced with the injection of 10 mL of 1% lidocaine around the mass, including the space along the estimated course of the probe and the cutaneous layer. Subsequently, the probe of the 7-gauge EnCor® system (EnCor® MR, SenoRx, Allso Viejo, CA) was inserted into the mass or close to the mass via a 3-mm incision, and multiple core samples were transported automatically into a collection basket until the lesion was seen as completely excised on US. The operation lasted from 3 to 30 min (10.6 ± 7.3 min), depending on the size of the lesion. Finally, after 10--15 min of direct pressure for bleeding control, US examination was performed to ensure that there were no residual lesions or hematomas. An adhesive elastic band was used for 24--48 h. The overall duration for the procedure was 15--40 min (25.6 ± 9.4 min). The vacuum-assisted rotation procedures were mainly performed by two experienced radiologists, Zhi Li Wang and Nan Li.

2.3. Follow-up {#sec2.3}
--------------

The follow-up US examinations were performed one, three, and six months later, and subsequently, at one-year intervals to check for new nodules at or near the VAB sites. New nodules in the region of the previous excision were classified as recurrent lesions.

2.4. Data and statistical analysis {#sec2.4}
----------------------------------

For each PT, data included the age of the patient at presentation, lesion dimensions, original lesion edge, blood flow, BI-RADS category, follow-up period, interval to recurrence, and history of surgical excision. All statistical analyses were performed using SPSS 23.0, standard version (SPSS Inc, Chicago, IL). Statistical comparisons were performed using the χ^2^ test or Fisher's exact test for categorical variables and Mann--Whitney *U* test for continuous variables. Differences were considered to be statistically significant at p-values \< 0.05.

3. Result {#sec3}
=========

3.1. Recurrence rate {#sec3.1}
--------------------

The follow-up duration was 12--86 months (35.8 ± 24.3 months). [Table 1](#tbl1){ref-type="table"} summarizes the clinical and US features of the 87 cases of PT. Of all the 87 lesions diagnosed as benign PT, 15 showed recurrences in the follow-up period. The recurrence rate after VAB was 17.2% (15/87). Ultrasound imaging of the recurrence PT is showed in [Fig. 1](#fig1){ref-type="fig"} (1a, 1b, 1c, 1d), and the no recurrence PT is showed in [Fig. 2](#fig2){ref-type="fig"} (2a, 2b, 2c).Table 1Characteristics of patients undergoing Excision for Benign Phyllodes tumors on Ultrasound-guided vacuum-assisted.Table 1No recurrencerecurrencep valueAge0.339＜40.5486≥40.5249History of local surgical excision0.68Yes36No699Lesion dimensions（cm）0.01＜3.3696≥3.339Original lesion edge1.0clear6615unclear30blood flow0.597Yes549No186BI-RADS category0.1723\
72\
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403Fig. 1A lesion in a 52 years old woman, which was demonstrated to be Phyllodes tumors by pathology. 1a Ultrasound imaging showed a hypoechoic mass; 1b The probe in the mass; 1c Complete resection of the mass; 1d Ultrasound showed a recurrence mass in the same place (which was demonstrated to be Phyllodes tumors by pathology).Fig. 1Fig. 2A lesion in a 25 years old woman, which was demonstrated to be Phyllodes tumors by pathology. 2a Ultrasound imaging showed a hypoechoic mass; 2b The probe in the mass; 2c Complete resection of the mass.Fig. 2Fig. 3The flow chart of the patients' follow-up.Fig. 3

All the recurrences occurred 1--12 months after VAB (mean interval ± standard deviation, 7.8 ± 4.6 months). Fifteen patients with recurrence underwent further surgery, three of whom chose to follow-up. Among the remaining 12 patients, the pathology demonstrated that three, six, and three had benign PT, FA, and borderline PT, respectively. The largest diameter of the lesions was 2.0--3.8 cm (mean size ± standard deviation, 3.1 ± 0.8 cm) in the recurrence group and 1.3--3.5 cm (mean size ± standard deviation, 2.2 ± 0.5 cm) in the non-recurrence group. There was no significant difference in the lesion size between the recurrence and non-recurrence groups (P \> 0.05).

The recurrence rate was 8% for lesions with a largest diameter of less than 3.3 cm and 75% for lesions with a largest diameter of more than 3.3 cm, showing a significant difference (P = 0.01). The recurrence and non-recurrence groups showed no significant differences in terms of age, original lesion edge, blood flow, BI-RADS category, or history of local surgical excision.

3.2. Complications {#sec3.2}
------------------

The complications of US-guided VAB included hematoma, pain, and ecchymosis. Of the 87 patients, three experienced pain and six had hematoma after the procedure. Two months later, both the complications had disappeared. Two of the 87 patients had skin scratches during VAB, so the patients' postoperative appearance satisfaction was 97.7%.

4. Discussion {#sec4}
=============

PTs and FAs account for most cases of fibroepithelial lesions. Differentiating between benign PT and FA is still a challenge clinically and histologically \[[@bib11]\]. When the tumor is fast-growing, histological examination is necessary to exclude benign PT. The common treatment of PT is surgical resection, which includes local excision and wide local excision. Local excision is defined as excision with a 5-mm safe surgical margin, and wide local excision is defined as excision with at least 1-cm surgical margin \[[@bib12]\]. A previous study showed no significant difference between the two types of excisions in the recurrence of benign PT \[[@bib13]\].

In this study, the local recurrence rate of the lesion was 17.2%. It was slightly higher than previous VAB studies \[[@bib6],[@bib14],[@bib15]\]. The study by Quyang et al. showed that the local recurrence rate of 108 cases of benign PT after VAB was 11.1% \[[@bib16]\]. The study by Park et al. showed that the recurrence rate of 67 cases of benign PT was 7.5% \[[@bib17]\]. The higher recurrence rate in this study can be clarified with two explanations. First, the standard for recurrence in our study was strict. Any new nodule in the region of the previous excision was classified as a recurrent lesion, without histological examination. Second, the largest diameter of the lesions was larger in our study than in the previous studies, which might have affected the complete excision rate. In the study by Park, the mean tumor size at the time of diagnosis was 1.97 ± 0.84. In our study, the mean tumor size at the time of diagnosis was 2.36 ± 0.65.

In this study, the mean time to recurrence after VAB was 7.8 months (1--12 months). Previous studies showed the average interval to recurrence of benign PT was two years after the treatment with surgical resection \[[@bib18], [@bib19], [@bib20], [@bib21]\]. The recurrence time after VAB was shorter in this study than in previous studies, which might be explained by the fact that a small amount of residual cells after VAB could not be detected on US, resulting in early recurrence.

In this study, the recurrence and non-recurrence groups showed no differences in terms of age, original lesion edge, blood flow, or BI-RADS category. Further, the recurrence rate of the lesions with a largest diameter ≤3.3 cm was significantly lower than that of lesions with a largest diameter \>3.3 cm. This result was similar with the result reported by Park et al., who demonstrated that benign PTs with tumor size \<3 cm and low recurrence could be safely monitored on US after being excised and diagnosed using VAB \[[@bib17]\]. Many reports indicated that the local recurrence rate was low in tumors smaller than 2 cm in size \[[@bib5]\]. All these studies suggested that benign PTs of small size could be more sufficiently excised using VAB.

In this study, three recurrent lesions after VAB had worse histologic grade than the primary tumor, upgrading from benign to borderline PT. This phenomenon was also seen in other studies \[[@bib20]\]. Reinfuss et al. explained that this upgrade might be caused by the missing malignant foci on histological examination and that the recurrence of benign PTs had the potential to progress to borderline PTs \[[@bib22]\]. It has been reported that the therapeutic effect of borderline PTs was closely associated with the surgical method, and wide local excisions led to a lower recurrence rate than local excisions \[[@bib20],[@bib23]\]. Therefore, the recurrence of benign PT should be treated with wide local excision instead of VAB or local excision.

The analysis of our data showed that there were no significant differences between the recurrence and non-recurrence groups in terms of history of local surgical excision before VAB. This suggested that the therapeutic effect of benign PTs was independent of prior surgery. Furthermore, in our study, two recurrences of FAs after prior surgery were found to be benign PTs. This was the same as previous studies, which showed the possibility of progression from FAs to PTs \[[@bib24],[@bib25]\].

The current study had some limitations. First, we could not differentiate between recurrent and residual PTs. Further studies with histological characteristics are necessary to obtain a more robust conclusion on the recurrence of PTs.

In conclusion, US-guided VAB is an effective method for the treatment of benign PTs, especially in lesions with a largest diameter less than 3.3 cm.
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